Abstract-This paper puts forward the concept of fractal company is in the process of online shopping. According to the characteristics of the network shopping, the paper establishes the mathematical model of fractal clustering, and uses the fractal dimension to describe and depict Fractal Company. Online shopping is actually the management of the entire supply chain. Based on similar structure of fractal supply chain, the article carries out mathematical model of the fractal supply chain by using the dissipative structure theory and entropy theory. At last the paper conducts customer segmentation by using the fractal theory and clustering analysis technology, in order to dig out the most valuable customers and potential customers. 
I. INTRODUACTTION
With the maturity of Internet technology and people's increasingly diversified demand for commodities, China's online shopping presents a rising trend. Without the restrictions of time and place in Online shopping, merchants face increasingly fierce market competition [1] . Therefore enterprises also adopt new marketing strategies according to the characteristics of network shopping, which is obviously different from the traditional marketing model. This article chooses consumers and businesses of China's TaoBao as the main research object. The paper mainly studies the basic behavior characteristics of the consumers when they are shopping online [2] . Then it studies the operation situation, marketing mode, logistics distribution, etc, of the businesses. The paper finds out that during the whole operating process of online shopping, the structure is of self-similarity and marketing model, marketing strategy are of similarities. So it is very appropriate to use the fractal thought to portray network shopping. Finally, combining with the traditional definition of Fractal Company, the paper gives the concept of the online-shopping Fractal Company.
Based on the characteristics of Fractal Company, this paper establishes the mathematical model of Fractal Company, and uses the fractal dimension to describe and depict Fractal Company [3, 4] . In order to further study the operation of the fractal company in online shopping, the article chooses supply chain in the entire process of online shopping as the research object. By breaking down the operation situation of every parts of the supply chain in the process of online shopping, the paper studies the internal operating structure of the network shopping in China. Considering the similarity of the operation mode of the aspects such as the buyers' order, merchant shipping and logistics distribution in network shopping, this paper presents that there are typical fractal characteristics in the entire supply chain in the process of online shopping, and then this article summarizes the concept of fractal supply chain in the network shopping.
Based on similar structure of fractal supply chain, the article carries out mathematical modeling on the fractal supply chain by using the dissipative structure theory and the entropy theory. Fractal companies adopt a new business model, so they need to have keen market sense and high decision-making efficiency. This requires fractal companies to use appropriate segmentation strategies to understand customers and mine the information resources of customers [5, 6] . Through customer segmentation and data mining of customer information, fractal companies conduct customer segmentation according to the customer data which the companies grasp and dig out the high-value customers of the company through some techniques such as data mining. Through adoption of the appropriate marketing automation technology, fractal companies can provide specific customers with appropriate products and services, in order to satisfy the needs of the clients and get the high value-added benefits.
By analyzing the relevant data about customers of the fractal company and fractal supply chain in network shopping center, the paper finds out that it has a lot of similarities among the data of shopping habits, shopping capacities, shopping feedback and evaluation of the customers, and the fractal theory can be used to do the classification. This paper mainly studies the nonlinear structural characteristics of customer data in online shopping and conducts customer segmentation by using the fractal theory and clustering analysis technology, in order to dig out the most valuable customers and potential customers through quantitative analysis of customer data from multiple perspectives [7, 8] .
In this paper, the main innovation point is the use of fractal theory in the comprehensive study of a series of problems of the fractal company, fractal supply chain, fractal clustering analysis and so on in the network shopping. Combing with the fractal thought, the paper studies the problems of company operation, model establishment, data mining, algorithm design, etc, in the network shopping. The main innovation points of this paper can be summarized for following several main aspects:
1. By studying the businesses operating model in the process of network shopping, this article analyses and studies by using the fractal theory. Then it puts forward the general idea of using fractal theory to describe online shopping. Based on the fractal thought in the process of network shopping, the article presents shopping behavior under the network environment and the concept of the fractal company of the corresponding mode of commercial operation.
2. Through the fractal dimension in fractal theory and the existing fractal company, the paper puts forward the mathematical model of fractal company under the network shopping environment. Through the mathematical model of fractal company in the network shopping, this paper shows the overall characterization and expression of the operating model and the characteristics of the network business, so as to enrich the establishment and study of the new marketing model appearing in the network shopping.
3. This paper also focuses on the supply chain and management of supply chain during commercial operation in the process of online shopping. Through the study of fractal network company's marketing mode, the paper presents the supply chain of the fractal company also has the typical fractal characteristics. Therefore, the fractal supply chain can be used to describe and study the supply chain in the network shopping environment. The study of this part also further enriches the marketing model and modeling research of fractal network company.
4. Aimed at the new issues of fractal supply chain in network shopping, this paper puts forward new ideas of building mathematical model by using the dissipative structure theory and entropy theory. By dissipative structure theory and entropy theory, the model of the fractal supply chain and management of the corresponding supply chain in the network shopping can be built. Through the newly established model of fractal supply chain, business channel and the overall operation of the marketing in the process of the network shopping can be studied from a new perspective.
5. Based on the fractal characteristic in the network shopping, the article puts forward the idea of using fractal clustering to analyze the merchants and shoppers in the network shopping. On the basis of the practical operation of the network shopping, this paper presents the main components of fractal clustering analysis as well as the main steps of the realization in an online shopping environment. By analyzing the operation mode of the network shopping environment, this paper creatively presents the algorithm design of fractal clustering analysis in network shopping environment, and introduces the connection between the various steps and other related relations.
II. CONCEPT AND MATHEMATICAL MODEL OF THE FRACTAL COMPANY

A. Concept of the Fractal Company
The concept of Fractal Company was raised by German professor Newark in 1992. He tried to use the self-organization and adaptive characteristics of fractal theory to construct the dynamic structure of the enterprise, in order to obtain dynamic adaptive ability to respond to environmental change. Every fractal unit in Fractal Company is composed of multiple sub fractal units, and every fractal unit has the similarity in structure and function with the fractal unit of the higher level. Fractal Company is an activity space defined by all levels of the fractal units, which is a three-dimensional space, consists of three axes: targets, resources and constraints. The targets are influenced by the company's strategy and resources and constraints are constrained by the structure, so the coordinate values reflect the relationship between strategy and structure, as shown in figure l.
The harmony and unity of high degree of autonomy and cooperation of the fractal units can be achieved by defining the company's overall goal. Various fractal units in Fractal Company can work together for a general objective. At the same time they can also avoid chaos led by the autonomy of each other. 
B. Characteristics of the Fractal Company
Activity space for each level of the fractal unit in Fractal Company stands for the autonomy of it, and the degree of autonomy increases with the size of the activity space. From the perspective of management, the structure of Fractal Company in online shopping is shown in figure 2 . Fractal Company has the characteristics of self-similarity, self-optimization and self-organization. The self-similarity of Fractal Company includes the structure of the company, the formation and realization of the goal of the company. There are similarities in the enterprise, the ideal, thinking and behavior way of the staff. The essence of which is to use the theory of similarity between the part and the whole in fractal geometry. Self-optimization of the fractal company requires companies fractal unit has the internal capabilities of continuous improvement and development. Each fractal unit can design their own space, which can reconstruct the whole or the part according to the external and internal needs. Selforganization of Fractal Company is that the tasks are assigned to each fractal unit. Then various fractal units can organize work itself according to the activity space and its own characteristics, so as to effectively adapt to the changing environment.
Compared with the structure of Sierpinski block in fractal geometry, the structure of the company is quite similar. And the structure is shown in graph 3. 
C. Model Foundation of the Fractal Company
Fractal Company is composed of fractal units at all levels, which have certain similarities with the company. Therefore, we can use a random fractal network model to describe the organizational structure of enterprises.
Assume that the enterprise has a total of 1 n  level. "0"stands for the core leadership and "1, 2, ..., n" stand for fractal units at all levels.
Each fractal unit with level k has k N sub fractal units with level 1
. k L refers to the control of fractal unit with level k towards fractal unit with level 1
12 , , ... ,
k R refers to the controlling ratio of the adjacent twolevel fractal units. 
D. Model Depiction of Fractal Company
Fractal dimension is a quantitative description of fractal, the defining methods of which mainly are Hausdorff dimension, the box counting dimension, etc. This article mainly uses the Hausdorff dimension to describe the fractal company.
Let E be a subset of Fractal Company. For 0
where
Through the establishment process of mathematical model of Fractal Company, the corresponding graph of the random network model is generated by the random element 12 ( , ) ( , , , ... )
Therefore, fractal dimension of random fractal network in Fractal Company can be expressed as:
With the above formula, through the related data of the enterprise and the appropriate statistical methods, to the fractal dimension value can be estimated. To illustrate the significance of fractal dimension in the enterprise management, this article further simplifies the fractal network model.
Assume that random variable N is constant. 12 ... n r r r r     , (9) where r is constant.
So random fractal network becomes a self-similar network, and its fractal dimension is:
That is, log log
In general, when 1 r  , the controlling ability of superior to the subordinate decreases with the increase of its management levels. When 1 r  , the controlling ability of superior to the subordinate does not change because of the changes of management levels.
The formula (10) shows that increase of N or decrease of r will lead to the increase of D . The increase of N shows that the enterprise dabbles in many areas and its distribution is wide. The decrease of r 3160 JOURNAL OF NETWORKS, VOL. 9, NO. 11, NOVEMBER 2014
shows the enterprise's management ability is relatively low.
From the above introduction of the fractal dimension, it can be known that fractal dimension reflects the degree of complexity and roughness of the fractal objects. Namely, the bigger the fractal dimension is, the more complex and rougher the object is. So the bigger the fractal dimension of an enterprise is, the more difficult it is to manage the enterprise.
III. MATHEMATICAL MODELING OF FRACTAL SUPPLY CHAIN ONLINE SHOPPING
A. Fractal Supply Chain in Online Shopping
Based on the generality that dealers of every level has in their marketing modes in network shopping, structure of each layer of modular fractal supply chain is similar, as we can see in Figure 4 . After the decomposition, it has its own fractal dimension. With the marketing classification of the abovementioned modules, the article uses the theory of dissipative structure to study them. Fractal supply chain system needs to maintain its dissipative structure, namely the need of exchange and dissipation with the outside world as well as the maintenance of the open state in the system.
Entropy is the mathematical expression of the state of above-mentioned exchange and dissipation. When the system is in material, information and energy exchange with the outside world, the system is negative entropy; when the system takes certain measures to control it, the system is positive entropy.
The following part is the introduction of the concept of generalized fractal dimension and the generalized entropy as well as the application in the fractal supply chain of the network shopping.
B. Mathematical Modeling of Fractal Supply Chain
When analyzing the self-similar structure in the process of online shopping, according to the management function, product positioning, business scale and profit target and so on, we can carry out modular fractal integration for the purpose of measuring the network of the supply chain. The mathematical tool to be used to describe the degree of the fractal integration is the fractal dimension [9, 10] , which can be defined as
In the formula (1) 
where S ( )   is the generalized entropy. It is the entropy of information of  level [11] .
Formula (2) can also be defined as
Or
Formula (5) also equals to
In formula (15) and formula (16) , we get the quantitative relationship between the generalized entropy S ( )   and the generalized fractal dimension D  .We also know the generalized fractal dimension D  is another measure of generalized entropy, so as to know the generalized fractal dimension D  has the significance of entropy [12] .
It has been proved that 00 |,
So, formula (16) -(19) equal to 
IV. FRACTAL CLUSTERING ALGORITHM IN THE NETWORK SHOPPING
A. Clustering Analysis in the Network Shopping
With the acceleration of the pace of information, enterprises accumulated a large amount of data, which include a number of important information. In online shopping, the purpose of most enterprises for collecting and collating data is for entry, query and simple statistics of the data [12] . Enterprises can't find the relationship and rules that exist in the data, as well as predict the future development trend according to the existing data.
In order to further mine potential purchasing power of potential customers as well as the current customers, we should fractionize and mine the data and information of the customers. Only with in-depth analysis of these data at a higher level and only when the data serve for the company's own business decisions and strategic development, can the data become the resources of a company.
Data mining refers to the extraction of hidden, unknown and non-trivial information or patterns with potential application value from large databases or data warehouses. It is a new area of great application value in the study of the database, which includes theory and technology in databases, artificial intelligence, machine learning, statistics and other fields.
Clustering analysis is a very active research topic in the field of data mining. A data set is divided into several groups or classes, so that the data objects in the same set have high similarity, while the data objects in the different groups are not similar. This paper mainly adopts the method of clustering analysis in data mining, as well as identifies and deals with the data of clients in online shopping by combining the thought of fractal geometry.
B. Fractal Clustering Technology in Online Shopping
Fractal theory is to describe the distribution characteristics of the data through the analysis of the similarity of parts and whole. In data mining, fractal dimension is the estimate of the free degree of distribution of a data set, which reflects the distribution characteristics of data in a multidimensional space. Online shopping customer is divided into a variety of types, and each type of consumer has a lot of inherent similar shopping habit and shopping value tendency.
From a data perspective, each type of data corresponds to a rough fractal dimension. Therefore, we can use the characteristics of changing in a small scope of fractal dimension to define the similarity of customers in online shopping, so as to get the clustering results by dividing the data set.
The influence degree of customer data on the fractal dimension directly reflects the self-similarity between data points and data sets. The influence degree of one specific customer data on fractal dimension of the different data sets is different. If a customer data are put into the data set belong to him, the influence of the data on the fractal dimension of the whole data set is relatively small [13] . The smaller the influence degree on the fractal dimension is, the greater the self-similarity is. The greater the influence degree on the fractal dimension is, the smaller the self-similarity is. x . Data space is divided into hypercube grids that do not overlap, namely each property of data is divided into equal parts.
C. Design of Fractal Clustering Algorithm of Clients in the Network
In order to describe the characteristics of different customer groups in online shopping, fractal box dimension are introduced, the formula of which is:
In the formula, () Na stands for the customer number that contains in each level, 1/ S stands for the box number.
Determine a reasonable  through the characteristics and distribution of a data set, so as to calculate the density of adjacent grid with the number of points embedded in the grid. Select a density thresholds 3162 JOURNAL OF NETWORKS, VOL. 9, NO. 11, NOVEMBER 2014 according to the determine grid  , and then three different grids can be get. Candidate grid: the grid density is greater than or equal to the initial density ;
Neighbor grid: the grid density is less than the initial density  , and at least id adjacent to one candidate grid
Noise grid: the grid density is less than the initial density  , and is not adjacent to a candidate grid.
Through fractal dimension, the customer can be clustered. The clustering number is k through preliminary clustering stage. Let Fd is not significant, it means that the addition of the client into i C will not obviously change the original fractal dimension. It belongs to the same variety with all points in the variety; otherwise it belongs to different varieties.
Taking i -th client variety for example, the flow chart of Fractal Clustering algorithm is shown in Figure 5 .
Steps are as follows:
Step1: Sort out customer database.
Step2: Set parameter for customer Database.
 : Density threshold;
Q : Minimum number of samples in a variety.
Step3: Conduct the initial clustering for customer database through the distance between customer data and values of clustering expectations.
Step4: Cancel customer varieties of small sample. If sample points within a class are too little, it should be canceled and be merged into the other classes.
Step5: The customers' initial variety is get:
as the research object.
Step7: Calculate fractal box dimension In order to subdivide the online shopping customer by using the fractal clustering method, through five steps: index design; data processing; fractal clustering analysis; results interpretation and marketing strategy choice, this paper presents the whole process of customer subdivision.
A. Design of the Index System of Online Shopping Customer
This paper combs massive customer information in online shopping, and identifies the subdivision index of online shopping customers. Through the subdivision index, the paper conducts precise classification and positioning of the customers. Based on previous customer classification, different types of customers who have a market value to the company can be dug out, and then marketing strategy which meets the needs of the customers can be developed correspondingly. Different index system will lead to different customer classification, so the selection of customer subdivision index directly affects the final clustering results [14, 15] .
From the point of view of the shopping features of the online shopping customers, the indexes in this paper include the client's natural attributes and shopping behavior. Client's natural attributes mainly include gender, age, occupation, region, level of education, etc; customer's shopping behavior attributes include shopping habits, shopping preferences, shopping frequency, shopping evaluation, etc. The customer's shopping behavior attribute is a major index of the research.
B. Data Processing of the Customer in Online Shopping
Current data about online shopping is dispersed, and different types of data are not completely the same. If the fractal clustering analysis is carried out on the network shopping customer, it is necessary to collect relevant data to form a general database.
According to the designed index system of customer, the related data of online shoppers during a period of time are chosen. Considering the effectiveness of the data mining of the customers, generally the length of time is relatively modest. Data that are not conforming to the normal shopping habits will be removed from the statistical data, so as to conduct pretreatment. And for the different data that reflect the same kinds of customers, standard disposal must be done [16, 17] . Then the data can be directly used in a statistical analysis and model prediction.
C. Fractal Clustering Analysis of Online Shopping Customers
Based on the database, according to the fractal clustering algorithm introduced in the former section, clustering analysis of the online shopping customer can be conducted. During the process of clustering of online shopping customer, the fractal thought is a new kind of classification standards and methods. Through the calculation of fractal dimension of different data sets, the paper divides online shopping customers into different types. It is a clustering analysis on online shopping customer from another perspective [18] .
In the process of clustering, data point that affects the fractal dimension of collection is generally supposed to be customers who have low similarity with other customers at the collection. At this time it will be eliminated.
D. Interpretation of Clustering Results and Selection of Marketing Strategy
The specific experimental results based on fractal clustering analysis can be interpreted and judged by department statisticians and account manager. In the online shopping customer groups, there are a lot of customers who are different from others, who obey traditional market knowledge and judgment [19] . Conclusion of the analysis can provide the leadership and management decision-making basis, so as to work out a targeted marketing strategy and marketing plan. Only fully realizing the features of the online shopping customer, can the enterprises win in the fierce Internet marketing war and achieve marketing purposes.
VI. CONCLUSION
Under the guidance of the fractal geometry thought, the article mainly studies the characteristics and model of the fractal company, the fractal supply chain and its model, as well as fractal clustering method and its application in the network shopping customer. Through the fractal thought put forward, the paper offers a new way of thinking and method for the structural analysis and mathematical model of network shopping.
